Aspen wood-wool, provided as nesting material, was evaluated as a possible improvement of cage environment for 1O-14-week-old inbred male mice maintained in groups of six IBALB/c n = 72 and CS7BL/6J n = 36). The daily behaviour of mice was video recorded and their body weight, food consumption, weights of some organs and serum corticosterone concentrations were measured. Aggressive interactions between cage mates and against a strange intruder as well as the number of wounds on the back of the animals was monitored in order to evaluate the effect of nesting material on intermale aggression.
n = 72 and CS7BL/6J n = 36). The daily behaviour of mice was video recorded and their body weight, food consumption, weights of some organs and serum corticosterone concentrations were measured. Aggressive interactions between cage mates and against a strange intruder as well as the number of wounds on the back of the animals was monitored in order to evaluate the effect of nesting material on intermale aggression.
Nesting material did not affect the daily active/passive behaviour patterns of mice, although animals clearly preferred it as a resting place. BALB/c mice given nesting material showed less weight gain and smaller brown adipose tissue weights than animals without nesting material. The other characteristics measured were not affected by the presence of nesting material in either strain. The presence of nesting material had no effect on fighting in cages. CS7BL/6J mice were more aggressive than BALB/c mice according to the number of wounded animals in a cage. Wounded BALB/c mice had enlarged spleens and decreased epididymal adipose tissue weights.
In conclusion, the nesting material used in this study did not adversely affect the animals. On the other hand, the material was clearly preferred to conventional bedding as a resting place. These findings suggest that nesting material may improve the cage environment of laboratory mice. Furthermore, there was an indication of strain differences in aggressive behaviour. It could be suggested that C57BL/6J mice are less tolerant towards intruders and housing six mice per cage is not suitable for this strain. Keywords Nesting material; fighting behaviour; male mice; strain International regulations and recommendations emphasize the need to maximize animal welfare during their scientific use (European convention 1990 , O'Donoghue 1993 . Many efforts have been made to improve the cage environment of laboratory animals so as to better meet their species specific needs. For enrichment, different For example the provision of plastic boxes and wooden scaffolding in cages reduced anxiety in mice, increased their open-field activity and improved sensorimotor skills (Prior & Sachser 1994/95) . On the other hand, cages of complex structure increased aggressiveness and elevated plasma corticosterone levels (Haemisch et al. 1994 ) and cages provided with extra resources and furniture induced territorial behaviour and aggressiveness (McGregor & Ayling 1990 ). Hence, the effects of modification of the environment, even for enrichment purposes, should be carefully monitored using both physiological and behavioural parameters.
Physiological parameters used to evaluate an animal's welfare include changes in organs known to respond to stress. For example, in rats the weights of thymus and spleen decreased and that of the adrenal glands increased in activity stress (Hara et al. 1981) . Increased serum corticosterone concentration is also used as an indicator of stress or poor welfare (Dahler et al. 1977 , Tuli et al. 1995 . The behavioural parameters used in welfare research include exploratory activity, emotionality and aggressiveness. Intermale aggression is a well-known characteristic of male mice IFesting 1979) and can be assumed to strongly affect the welfare of animals since physical injuries occur. Intermale aggression is also known to be affected by modifications of the cage environment (Haemisch & Gartner 1994 , Bergman et al. 1994 . Aggressiveness in male mice has been measured by monitoring aggressive contacts between cage mates (Poole & Morgan 1973 , Haemisch & Gartner 1994 and in paired male-female mice against a strange intruder (Sluyter et al. 1996) . The latency of first attack by lactating females against an opponent has also been used as a measure (Alleva et al. 1996) . Another index is the number of wounds caused by aggressive interactions within groups (Bergmann et al. 1994/95) . Factors affecting mouse aggressiveness have been thought to include the stocking density and stability of group hierarchy (Poole & Morgan 1973 , Haemisch & Gartner 1994 .
The aim of this study was to investigate if the provision of nesting material made from 109 aspen wood-wool would be a possible improvement of the cage environment for mice. Physiological characteristics measured were growth, food intake, organ weights and serum corticosterone levels, which are often used as indicators of welfare [Scalera 1992 , Bergmann et al. 1994 /95, Tuli et al. 1995 . Epididymal adipose tissue weight was measured because body fat content is a useful indicator of physiological burdens (Bergmann et al. 1994/95) and epididymal adipose tissue weights are appropriate to determine body fat (Webb & Rogers 1979) . Additionally, a strong adrenocortical response can be assumed to occur in socially stressed animals resulting in lipolysis (see Bergmann et al. 1994/95) . The brown adipose tissue is an indicator of thermal and energy balance (Himms-Hagen 1990) and was used to evaluate the insulation effects of the nesting material and the effects on body fat content. As behavioural indices, daily activity and resting behaviours were recorded to analyse the use of nesting material and the situations in which animals have contact with it. Since the use of cage lid for climbing is a regularly occurring component of locomotor activity in mice (Buttner 1991), we also wanted to see if the availability of nesting material would have effects on this behaviour. Furthermore, the effect of providing nesting material on intermale aggression was evaluated by measuring aggressive interactions between group members and towards a strange intruder. Wounds were also recorded during the study, as visible indicators of aggressive interactions.
Materials and methods

Animals and environment
Male inbred BALB/c (n = 72) and C57BL/6J In = 36) mice (National Laboratory Animal Center, Kuopio, Finland) were used. Mice were housed under conventional conditions in stainless steel solid bottom cages (42 x 25 x 15 em) provided with aspen bedding (Tapvei Oy, Kaavi, Finland) . Cages were changed once a week. Room temperature was 22.5 ± 1°C and relative humidity was 57 ± 5%. The artificial light/dark cycle was 12:12 with lights on at 07:00h and there was an average of 10-15 room air changes per hour. Pelleted rat and mouse food (R36, Lactamin AB, Stockholm, Sweden) and tap water were available ad libitum.
Experimental procedure
Before the experiment, animals were housed from weaning in groups of 5-9 males. These first groups were randomly established from animals weaned on the same day, i.e. they were not litter mates. When the animals were the age of 10 weeks, the test groups were randomly formed by placing six previously unfamiliar mice into the same cages. At this time, animals weighed 24 ± 2 g (BALB/c) and 28 ± 1g (CS7BL/6J). Half of the animals were provided with about 7 g of aspen wood-wool (Tapvei Oy, Kaavi, Finland) in the middle of the cage floor in addition to the usual bedding material (n = six cages in BALB/c and three cages in CS7BL/6J mice). The others served as controls, without nesting material. The study lasted 4 weeks, after which the animals were euthanized and organ weights and serum corticosterone concentrations measured.
Procedures used in this study conformed with the European Convention for the protection of vertebrate animals used for experimental and other scientific purposes (1990) . The study was approved by the Animal Care and Use Committee of the University of Kuopio.
Daily behaviour and use of nesting material
Each mouse cage was video recorded twice for 24h, starting at 08:00h with a time-lapse recording system at 1s/1 min intervalsonce immediately after grouping and again two weeks later. Three red 25 W lamps were used during dark periods to enable video recording. The data were analysed by instantaneous sampling at 5 min intervals and the number of active and inactive animals and their relationship with the nesting material and each other were monitored using a computer software package (FREK version 1.0, Markkanen, for use by the University of Kuopio, Finland, 1995) . The group behaviour of the mice was analysed. First, the Laboratory Animals (1999) 33
Eskola & Kaliste-Korhonen group in the cage was considered as active when 4-6 of the animals were active, i.e. they were moving or clearly active without moving. After this classification, the location of the active/passive group was determined. This way the group behaviour variables were:
(1) Active in nest: >half of the active animals were in contact with nesting material.
(2) Active together: >half of the active animals were in contact with each other but not with nesting material. (3) Active separately:~half of the active animals were in contact neither with each other nor the nesting material. (4) Inactive in nest: >half of the inactive animals were in contact with nesting material. (5) Inactive together: >half of the inactive animals were in contact with each other but not with nesting material. (6) Inactive separately:~half of the inactive animals were in contact neither with each other nor the nesting material.
Due to the above classification the behaviours 3 and 6 are~and the others >, e.g. if four animals are active and two of them are in nest and the other two animals elsewhere, the group was considered as active separately, since we did not want to emphasize the nesting material too much. The same classification was used for control animals, except there was no variable 'in nest'.
The number of animals climbing on the lid was determined from the daily behaviour video recordings by instantaneous sampling at 5 min intervals. The animal was considered climbing, when at least two of its paws were on the lid.
Aggressive contacts
In the same time period as the daily behaviour recordings, the behaviour of the animals was continuously video recorded twice for 30 min in the early part of the dark period at 21:30-22:00 h-once immediately after group forming and again two weeks later. From these recordings, the number of aggressive interactions between cage mates was counted. Contact was considered aggressive when the animals were biting (one animal touches the other one with open mouth and the other one vocalizes or tries to escape, usually together with attacking), attacking (quick, short-lasting contacts where one animal starts the interaction, which leads to fighting or flight) or clearly doing more than sniffing each other lone animal is on top and the other one is defensive, wrestling position, could be biting).
Additionally, at the end of this study, aggressive contacts with a strange intruder were continuously video recorded once in the early part of the light period at 08:00-1O:00h. An unfamiliar male of approximately the same age but of a different strain was placed in the cage for 30 mini the number of aggressive contacts (biting, attacks toward the intruder and vigorous fighting/'wrestling' with it) of group members with the intruder were counted. A naive intruder was used per cage. The test mice had been in their home cages for 2 days after cage cleaning, before the intruder test was conducted. One control cage and one nesting material cage were recorded at the same time.
Throughout the study, the level of injury of animals was monitored weekly by counting the number of wounds on the back of each animal. This was done by stroking the fur the wrong way under a bright light. Wounds on other parts of the body were not included, since they occurred very randomly.
Physiological measurements
Individual body weights and food consumption per cage were monitored weekly. After four weeks, at the end of the study, animals were taken in random order from one nesting material cage and one control cage per day and euthanized with CO 2 :0 2 anaesthesia between 11:00-13:00 h in a different autopsy room. Blood was withdrawn by cardiac puncture. Final body weights, as well as the weights of adrenal, spleen, brown adipose tissue and epididymal adipose tissue were recorded. Serum was separated by centrifuging at 2000 g for 10min and frozen at -70°C until analysis for corticosterone concentration In = 46 animals) (Radioimmunoassay 111 kit, ICN Biochemicals, Costa Mesa, California, USA). The corticosterone analysis was done only on 46 randomly chosen animals from each group because of the limiting size of the kit and minimal material costs.
Statistical analysis
Data were processed by the SPSS/PC+ V5.1 program (SPSSEurope B.v., Gorinchem, The Netherlands). Distribution of the data was tested with the Kolmogorov-Smirnov test. The statistical tests used are indicated in the Results section. Independent factors were strain of mouse and the presence or absence of nesting material in the cage. Organ weights were adjusted to body weight by analysis of covariance using the body weight as the covariate. For some analysis the animals were classified according to the occurrence of wounds-agonistic cage environment and wounded (in cages where wounds occurred at least in one animal and the inspected animal had wounds on the back!, agonistic cage environment and unwounded (in cages where wounds occurred but the inspected animal had nonel and non-agonistic cage environment groups lnone of the animals in the cage had wounds).
Results
Daily behaviour and contacts with the nesting material
Animals manipulated the nesting material with their paws and muzzle, especially immediately after it was placed into the cage. Mice moved through and onto the nesting material and rested on it. As time passed, the nesting material was often spread over a large area of the cage floor and real nests were not built. Since there were no strain differences in general daily activity/inactivity during light or dark periods (MANOVA analysis, P> 0.051,data from BALB/c and C57BL/6J mice were combined. Naturally, mice were more active during dark periods (MANOVA analysis, P = 0.000) and they were mainly active separately in the cage. Correspondingly, animals were more passive during light periods (MANOVA analysis, P = 0.0001and this behaviour mainly occurred in the nest or together elsewhere. The presence of nesting material did not significantly affect the general active/inactive group behaviour of mice (MANOVA analysis, P> 0.05). Control animals were slightly more active separately in the cage during both light and dark periods than animals with nesting material (MANOVA analysis, P = 0.01). When the animals were resting, they gathered together. In cages with nesting material, this resting together took place mainly in/on the nesting material. When active, mice usually wandered alone in the cage. However, animals were also active in groups. Control animals were gathered together during 19% of active behaviour observations, whereas animals with nesting material were active together but not in the nest 13% of active observations. In the presence of nesting material, 25% of active behaviour observations occurred in contact with it. Altogether, in cages with nesting material, animals were in contact with it approximately 68% of total daily observations.
The active/inactive behaviour of mice seemed not to have changed two weeks after group formation (not statistically analysed), i.e. the nesting material maintained its attractiveness as a resting place and control animals did not change their behaviour pattern.
Climbing on the cage lid was monitored separately. The availability of nesting material did not affect climbing behaviour (BALB/Ci 22 ± 13% nest vs 24 ± 13% no nest-CS7BL/6Ji 7±4% nest vs 1O±6% no nest, MANOVA analysis, P> 0.05). In general, one to three animals climbed on the cage lid at the same time. BALB/c mice used the lid for climbing significantly more than CS7BL/6J mice: 23 ± 13% of total daily observations vs 8 ± 5%, IP = 0.001, MAN-OVA analysis). Moreover, climbing by BALB/c mice took place mainly during the dark period (about 74% of climbing behaviour, P = 0.001, MAN OVA analysis). CS7BL/6J mice, on the other hand, used the 113 cage lid equally during light and dark periods. The pattern of climbing behaviour did not seem to change with time (not statistically analysed).
Aggressive contacts
In general, male mice in this study were not very aggressive. The average number of wounds over four weeks was one to two wounds (size 2-5 mm)/animal. Only a few severely bitten animals were observed in both strains and in all test groups. The number of wounded animals per cage and the percentage of wounded animals in cages with agonistic behaviour is presented in Fig 2. The availability of nesting material had no effect on the number of wounded animals in either strain (Fig 2, P> 0 .05, Chi-square Pearson test). Figure 2 also illustrates the difference between the strains. Wounded animals were regularly found in all CS7BL/6J cages (the difference between cages, P> 0.05, Chisquare Pearson test, Fig 2) , whereas occurrence and number of wounded animals varied more in BALB/c mice (Fig 2, P = 0 .003, Chisquare Pearson test). This was not, however, caused by nesting material (P > 0.05, Chisquare Pearson test). The frequency of wounded animals was greater in C57BL/6J mice during the second and third weeks (Fig 2, P = 0.01, Chi-square Pearson test). The number of animals with wounds in both strains increased slightly during the study IP = 0.000 BALB/c and P = 0.047 CS7BL/6J respectively, Friedman two-way ANOVA).
The number of aggressive contacts between cage mates or against a strange intruder during 30 min continuous recording was not affected by the presence of nesting material (Figs 3 and 4 , P > 0.05, Chi-square Pearson test). BALB/c mice seemed to have slightly more within-group interactions (Fig  3) . There was wide variation however, and the difference between strains was not significant (P> O.OS, Chi-square Pearson test). The aggressive behaviour did not change with time (first recording vs second recording two weeks later, P > 0.05 Friedman two-way ANOVA).
The number of attacks against a strange intruder did not differ significantly between In addition to the aggressive interactions with an intruder, the long-lasting contacts were measured. Contacts lasting 1min or over (frequency rangei 1-6 in BALB/c and 0-15 in C57BL/6J) consisted of episodes, in which one to three animals followed the intruder, sniffing its genitals or head area. Most of these contacts occurred at the beginning of recording, immediately after the intruder was placed into the cage. There were no strain or group differences in this behaviour (P > 0.05 Chi-square Pearson test). ..~2
" z the two mouse strains or between cages with or without nesting materiallFigs 4a and b, P> 0.05 Chi-square Pearson test, respectively). Furthermore, the latency of first aggressive contact against an intruder did not BALB/c mice with nesting material gained slightly less weight than mice without nesting material ( Fig 5, Table 1 , P = 0.02 MAN-OVArepeated measures or ANOVA analysis), but no such effect was found in C57BL/6J mice (Fig5 , Table 1 ).Moreover, BALB/c mice with nesting material had lower weights of brown adipose tissue than mice without nesting material (Table 1 , P = 0.02, ANOVA analysis). The weights of other organs and serum corticosterone concentrations were not affected by the availability of nesting material. In general, C57BL/6J mice were heavier (Fig 5, P = 0 .000 MANOVA repeated measures) but gained less weight and had lower spleen and epididymal adipose tissue weights than BALB/c mice (Table 1 , P = 0.004 ANOVA analysis). Serum corticosterone concentrations and the weights of adrenal glands and brown adipose tissue were not affected by strain .
The physiological data were also evaluated on the basis of wounded animals in cages. When any of the animals in cage had wounds at the end of the study, the cage was classified as an agonistic environment and the animals inside were divided into wounded and unwounded animals. If none of the animals in a cage had wounds, the cage was Table 2) . This classification was done to evaluate the possible effects of an agonistic environment and wounds on an animal's physiology. BALB/c mice in the non-agonistic environment [ Table 2 ) had higher initial body weights (P = 0.007 ANOVA analysis) and final body weights (P = 0.017 ANOVA analysis) when compared to the wounded or unwounded animals in the agonistic environment (Scheffe P < 0.05). The weight gain was not, however, affected by this classifi-cation. Furthermore, the weights of the spleen of wounded BALB/c mice were slightly greater (P = 0.038 Kruskall-Wallis one-way ANOVA) than that of unwounded animals (multiple comparison between groups according to Siegel 1988i not significant). The epididymal adipose tissue weights of BALB/c mice in the non-agonistic environment were greater (P = 0.001 ANOVA analysis) when compared to wounded or unwounded animals in an agonistic environment (Scheffe P < 0.05, Table 2 ). The other organs or serum corticosterone concentrations in BALB/cmice were not affected by an aggressive environment or wounds. Fighting occurred in all cages of C57BL/6J mice, so this strain did not have a non-agonistic group. There were no differences in physiological parameters between wounded or unwounded animals in C57BL/6J mice (Table 2 ).
Discussion
The nesting material was clearly preferred as a resting place-the result which was also found by van de Weerd et al. (1997a) .This might have something to do with thermal preferences; it has been shown that in rats they select higher temperatures during resting (Gordon 1993 )-maybe the nesting material was the warmest place for these mice due to an insulation effect. The presence of nesting material did not affect the daily active or inactive behaviour patterns of the mice. The animals were also in contact with the nesting material during active periods, which suggests that it might have some With organs, the final body weight was taken as a covariate; the covariate had significant effects on spleen (P= 0.000), brown adipose tissue (P = 0.000) and epididymal adipose tissue (P = 0.000). Means ± SDsare shown, n = number of animals or number of cages (in food consumption) Means±SDs are shown, n = number of animals enrichment value for the mice. However, the availability of nesting material did not alter the climbing behaviour in either strain.
Climbing is thought to be an important part of active behaviour and it was not affected by increased floor area (Biittner 1991) . The nesting material probably did not offer any extra activity stimulus, which would surpass the activity stimulus already offered by the climbing on the lid. The BALB/c mice used the lid for climbing significantly more than C57BL/6J mice and mainly during the dark period. This strain difference is in accordance with the results by Biittner (1991) .
Modifications of the cage environment by using structures like labyrinths or corridors have been reported to increase intermale aggression in mice (Haemisch & Gartner 1994 , Bergman et a1. 1994 . This increased aggressiveness was presumably due to enhancement of territorial behaviour. In our study, nesting material did not affect aggressive behaviour of mice, measured as the number of wounded animals, aggressive contacts between cage mates, or aggressive attacks against a strange intruder. Presumably the animals did not consider the Laboratory Animals (1999) 33 nesting material as 'home', to be defended against strangers. The physiological stress parameters monitored were also unaffected by the presence of nesting material. Overall, the provision of aspen wood-wool seemed not to have any adverse effects on mice. A similar conclusion was also reached by van de Weerd et a1. (1997) with Kleenex tissues as nesting material.
The strain differences in aggressive behaviour of mice are well known (Eleftheriou et a1. 1974 , Festing 1979 , Simon 1979 , Mondragon et a1. 1987 . However, depending on the test procedures, C57BL or BALB/c have both been reported to be more aggressive (Simon 1979) . Some of the differences have been shown to be due to differences in handling prior to testing (Eleftheriou et a1. 1974 , Simon 1979 , in illumination conditions during testing or possibly in visual abilities between albino and pigmented strains (Simon 1979) . In many occasions however, the differences between agonistic behaviour of mouse strains have been shown to be caused by differences in genotype (Mondragon et a1. 1987 , Sandnappa 1996 This strain difference was also seen in our study. Wounded animals were found in all C57BL/6J cages while in BALB/c mice the occurrence of wounded animals varied at different times of the study. Based on wounds, C57BL/6J mice had regularly more aggressive interactions between cage mates. On the other hand, according to the video recordings BALB/cj mice seemed to have more aggressive contacts between cage mates. Since attacks and wrestling do not necessarily cause visible wounds, these two types of testing are not equal. Moreover, there was no correlation between the number of attacks against an intruder or cage mates and between wounds on the back. For the evaluation of welfare, however, agonistic interactions causing physical injuries may be of higher importance. Agonistic behaviour among subordinates has been reported to be higher in BALB/cj groups than in C57BL/6J (Mondragon et 01. 1987) . The individual behaviour or the dominance hierarchy were not determined in our study, hence we cannot be sure if they were BALB/c subordinates which caused the fighting. C57BL/6J mice seemed to have more aggressive contacts against a strange intruder and the latencies to attack were slightly shorter. This might indicate the effort of C57BL/6J mice to establish a dominance hierarchy with a stranger more vigorously than BALB/c mice. It has been shown in a panel test of several strains, that C57BL mice were more aggressive than BALB males when the criterion for aggressiveness was the establishment of dominance (Ginsburg & Allee 1942) . Furthermore, according to Blanchard et 01. (1988) and Hilakivi-Clarke and Lister (1992), in rodent groups the dominant animal attacks an intruder. According to our results, it could be suggested that C57BL/6J mice are less tolerant towards newcomers than BALB/c mice. BALB/c mice have more squabble between cage mates but it is not as serious as in C57BL/6J mice, which actually injure each other. This might also indicate that six animals per cage is not a suitable housing density for C57BL/6J mice. It has been shown in BALB/c Crl mice that four animals per cage is a less stressful situation than two or even eight mice per cage (peng et 01. 1989) . 119 The availability of nesting material slightly reduced the weight gain of BALB/c mice, although food intake was not changed. These findings contrast with those of Oahlborn et 01. (1996) and van de Weerd et 01. (1997) , who found that mice housed from weaning in cages containing SO g of Envirodri or Kleenex tissues as nesting material were heavier and had a reduced food intake. Their explanation for this was the insulation effect of nesting material, reducing energy demand for heat production. In our study, the animals were given nesting material only after the age of 10 weeks, which may explain the differences in results. However, the lower weight of brown adipose tissue in animals supplied with nesting material supports the presumption that this provides a warmer resting place. The reduction in brown adipose tissue may indicate a lower need for heat production, which has been shown to occur in thermoneutrality (Himms-Hagen 1990). The decreased weight gain of BALB/c mice supplied with nesting material could not be explained by reduced amounts of fat, since the weights of epididymal adipose tissues were similar in both groups. The weight of this tissue is considered to reflect the total amount of fat in body (Webb & Rogers 1979).
Bergmann et 01. (1994/95) and Gartner (1994) have reported decreased growth rates in mice housed in cages containing complex structures. Low weight gain was dearly correlated with increased aggressiveness, leading probably to more stressed animals. The same phenomenon was reflected in this study, since wounded BALB/c mice in agonistic environments had reduced amounts of epididymal fat. The weight gain, however, was unaffected by the state of injury and aggressive environment. Furthermore, we did not find any evidence of stress induced spleen atrophy (Hara et 01. 1981) , but in contrast the wounded BALB/c mice had enlarged spleens. This might, however, result in an activated immune defensive system caused by wounds and probable inflammation.
In conclusion, the nesting material used in this study did not cause any adverse effects on the animals, as determined by both behavioural and physiological observations. On the other hand, it might have a positive value for the animals; the material was clearly more preferred as a resting place than was conventional bedding and the animals did manipulate it during their active periods. These behavioural findings suggest that nesting material may improve the cage environment of laboratory mice, which was also concluded by van de Weerd et al. (1997) . There were strain differences in aggressive behaviour between BALB/c and C57BL/6f mice. It could be suggested that C57BL/6J mice are less tolerant towards intruders and the effects of housing density, especially in this strain, should be more closely investigated. 
